In the context of stubbornly high childhood obesity rates, health promotion activities in schools provide a potential avenue to improve children's nutritional behaviours. Theatre production has a rich history as a health behaviour promotion strategy but lacks sound, outcome-based evaluation. This study evaluated the effect of an integrated, two-part, place-based theatre performance program with 212 students in five schools in a regional urban and semi-rural area. The program included a theatre performance and a healthy eating competition. A brief survey assessed student healthy eating knowledge and attitudes at three time points. Nutrition behaviour was measured by scoring the contents of children's lunch boxes before, during and up to six weeks after the intervention. Statistical analysis tested change over time on five variables (Knowledge, Attitude, Sometimes foods, Everyday foods, Overall lunch box score). Results showed that both components of the integrated program improved nutrition knowledge and that the theatre performance improved children's healthy eating attitudes. All three lunch box scores peaked after the integrated program and remained significantly higher than baseline at 4-6 weeks follow-up. Interaction effects were identified for school catchment area on four of the five dependent variables. Evaluation of this integrated theatre production program indicates the potential benefit of taking a "super-setting" approach. It demonstrates an effect from students taking home information they had learned and incorporating it into lunch box preparation. It also showed consistent effects for school geographical catchment. This study suggests that, with careful, theory-based design, theatre productions in schools can improve student nutritional activities.
Introduction
Theatre production as a health promotion strategy has a considerable history and descriptions of its application abound [1] . However, confidence in its efficacy has been hampered by a lack of careful and systematic analysis of how theatre production may work to enhance health promotion, and a limited amount of evidence for soundly-based outcomes [2] . Here we address these two short-comings in a study of the use of theatre production as part of an integrated package of interventions designed to engage both cognitive and emotional responses in children [15] . As such a key value of theatre is its potential to engage and motivate.
Following up performance by integrating a lunch box challenge incorporates elements of competition and is based on positive finding of the use of competition to motivate children to increase physical activity [15] [16] [17] . Organizing and maintaining a lunch box competition through school requires school leadership and whole school commitment well beyond having an external provider attend to provide a special theatre performance.
While this school-based leadership and commitment fosters competition at the individual level and engages the children's home situations, it limits the "super-setting" approach to personalized behavioural change. To also encourage a change in the wider school environment a regional school initiative sought to support wider normative change, schools within the region were given the opportunity to join in a regional best school performance award, organized through the theatre troupe to provide continuity. The data collected in schools about changes to lunch box healthier foods were submitted to a regional challenge completion and a regional school prize award annually.
The aim of this study therefore was to evaluate whether an intervention comprised of a live theatre production followed by an extended healthy eating competition could be an effective strategy for achieving positive behaviour change, using a pre and post test design.
Materials and Methods

Theatre Performance and Lunch Box Challenge
Using available evidence and through consultation with educational and health promotion experts, a children's entertainment group, The Boogie Woogies Superhero Band (Grande Musical Promotions, Ipswich Australia), developed an integrated package of interventions designed to positively influence primary school children's food knowledge, attitudes and behaviours. The components of the program were accredited with government and non-government education authorities for use in schools in Queensland, Australia. The program included a 60-min live theatre component addressing nutrition content areas, supported by a lunch box challenge activity focusing on the inclusion of positive foods. Figure 1 shows the components of the study including program components, study measures and the timing of the delivery of each component. The theatre production was delivered on site at each school, using the school hall facilities.
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As an addition to classroom curriculum-based healthy eating approaches, theatre production seeks to engage through memorable and iconic performance often involving music and acting designed to engage both cognitive and emotional responses in children [15] . As such a key value of theatre is its potential to engage and motivate.
Materials and Methods
Theatre Performance and Lunch Box Challenge
Using available evidence and through consultation with educational and health promotion experts, a children's entertainment group, The Boogie Woogies Superhero Band (Grande Musical Promotions, Ipswich Australia), developed an integrated package of interventions designed to positively influence primary school children's food knowledge, attitudes and behaviours. The components of the program were accredited with government and non-government education authorities for use in schools in Queensland, Australia. The program included a 60-min live theatre component addressing nutrition content areas, supported by a lunch box challenge activity focusing on the inclusion of positive foods. Figure 1 shows the components of the study including program components, study measures and the timing of the delivery of each component. The theatre production was delivered on site at each school, using the school hall facilities. The lunch box challenge measured the content of lunch boxes before and after exposure to the theatre production in children from classes, selected by the principals as not having recently completed a Health/Food and Nutrition unit in their educational curriculum prior to the challenge. The challenge began at the start of the week following the theatre production and continued for 10 consecutive school days. The content of the lunch boxes were measured again four to six weeks after delivery of the theatre production. Lunch boxes were photographed and scored by four researchers one week prior to implementation (baseline) and then at weeks 3 and 7-10. The program was designed to be appropriate for primary school children's cognitive, emotional and social stage of development. Known as Eat Smart B Active, Healthiest School Awards (Grande Musical Promotions, The lunch box challenge measured the content of lunch boxes before and after exposure to the theatre production in children from classes, selected by the principals as not having recently completed a Health/Food and Nutrition unit in their educational curriculum prior to the challenge. The challenge began at the start of the week following the theatre production and continued for 10 consecutive school days. The content of the lunch boxes were measured again four to six weeks after delivery of the theatre production. Lunch boxes were photographed and scored by four researchers one week prior to implementation (baseline) and then at weeks 3 and 7-10. The program was designed to be appropriate for primary school children's cognitive, emotional and social stage of development. Known as Eat Smart B Active, Healthiest School Awards (Grande Musical Promotions, Ipswich, Australia) the same program was delivered to each child in the study following a set protocol agreed to by school authorities. The program was designed to be practical and to use repetition and practice to reinforce learning. The aim of the program was to teach children about the desirable food groups with the longer term aim of reducing the intake of less desirable foods and challenging them to change their lunches. Families were engaged via newsletters and information sheets which outlined the desirable (Everyday foods) and less desirable foods (Sometimes foods). Success in the lunch box challenge competition required the information that was imparted by the theatre performance to be incorporated into lunch preparation practices in children's homes.
Intervention Region and Sampling
The location was a regional urban and semi-rural area within South East Queensland Australia. A total of 323 primary schools were located in the region (179 government funded and 144 non-government funded) with the majority of these in the metropolitan area [18] . All socio-economic ranges are included in this group of schools.
A pragmatic design was used with 18 schools approached for potential program participation, all in a geographical radius of 10 km of the regional urban centre. This included outer suburban areas of the metropolitan region on the eastern side and semi-rural sites on the western side. Participation of the program was dependent on the self-selection of the schools.
Five of the initial 18 schools that were approached declined to participate. The Eat Smart B Active | Healthiest School Awards program was therefore delivered to 13 schools. Of the 13 participating schools, five schools, representing a range of socioeconomic status as well as different student catchment area strategies (local or regional), were purposefully selected to take part in the study of program effects that is reported here. No schools that were approached to take part in the study declined to participate. One of the five study schools had participated in the program in the previous year, while the program was under development and refinement. While the integrated program was delivered to the entire school community in each case, principals at each of the study schools selected two classrooms for inclusion in the study. Children in grades 2 to 5 were eligible to participate in the study as this was the target age range for the intervention (7-11 years) and principals at each school selected an older and a younger grade for study inclusion. This study was approved by the University of Queensland Behavioural and Social Sciences Ethical Review Committee, Approval number 2014001104.
Measures
Students completed a specifically designed brief survey form before the start of intervention activities, following the first activity (theatre performance) and again at the end of the two-week lunch box challenge competition. The survey was reviewed for construct and content validity by a researcher not associated with the study in the development phase of the program prior to its implementation. The final survey contained a 10-item measure of knowledge about healthy eating (for example, listing the five "everyday" food groups, ticking facts about salt and sugar) and a 6-item measure of attitudes towards healthy eating, using 3 point scales of no, unsure, and yes. Correct responses on the knowledge scale were summed for each student to produce a knowledge score that could range from 0 to 30. The number of positive attitudes endorsed by students on the attitude scale was summed to produce an attitude score that could range from 0 to 6. Nutrition behaviour was measured by scoring the content of children's lunch boxes (1 point for each of the five 'everyday' food groups packed in lunch box-i.e., fruit, vegetables, grains, dairy and protein; and 1 point deducted for each 'sometimes' food-i.e., packaged food high in sugar, salt or fat). Children's nutritional behaviour change was measured by photographing and scoring children's lunch box content at baseline; during the rewards challenge intervention; and four-six weeks after the intervention. The baseline and four-six weeks follow-up measures of lunch box content were conducted without prior student knowledge that they would be occurring. Scoring of lunch box contents from photographs followed a pre-defined protocol and provided an objective way to measure nutritional behaviour that built on previous research by a study author using photographic evidence of meals to measure dietary intake. Figure 2 provides examples of lunch box photographs and their associated scoring. Where there was ambiguity about whether a lunch box item was an everyday food or a sometimes food (e.g., a grain-based food product that may have been high in sugar) the scorers met to review the item and come to a consensus agreement. evidence of meals to measure dietary intake. Figure 2 provides examples of lunch box photographs and their associated scoring. Where there was ambiguity about whether a lunch box item was an everyday food or a sometimes food (e.g., a grain-based food product that may have been high in sugar) the scorers met to review the item and come to a consensus agreement.
(A) Baseline lunch box (B) Post-intervention lunch box An overall lunch box score was calculated by tallying the number of the five possible foodgroups of Everyday foods that were present in a lunch box and subtracting the number of Sometimes foods found. If more Sometimes foods were present than the number of Everyday food groups represented in a lunch box, the score was truncated at zero. Scores for the overall lunch box score ranged from 0 to 5. Everyday food and Sometimes food scores were obtained by simply tallying the number of foods of each type found in a lunch box. There was no maximum value for any food group, but the Everyday food scores ranged from 0 to 12 and Sometimes food scores ranged from 0 to 8. No negative scores were recorded. In Figure 2A , for example, the baseline overall score would be (2-8) = 0 and the post intervention score (2B) is calculated as (5-0) = 5.
Statistical Analysis
Sample characteristics are described in terms of frequencies and percentages for participants' sex and grade level and for characteristics of participants' schools, including whether the school was new to the Eat Smart B Active | Healthiest School Awards program, whether the school drew students primarily from a local catchment area, and the decile rank for the Socioeconomic Index for Areas (SEIFA) of the area in which the participant's school is located.
Means and standard deviations are provided to summarise scores for each dependent variable (Knowledge, Attitudes and three types of lunch box scores: Overall, Sometimes Foods, Everyday Foods) for each of the three occasions on which they were measured. To test the effect of the interventions, separate repeated measures analysis of covariance tests were carried out with each of the respective dependent variables. Time is the condition across which measures of these dependent variables are repeated.
Covariates entered into the analyses to control for the possible confounding influence of different student and school characteristics include sex, student grade level, the school students attended, whether a school was new to the Eat Smart B Active | Healthiest School Awards program, whether or not the school drew students primarily from its local catchment area, and the SEIFA decile of the area in which the school was located.
Interactions between covariates and the dependent variables, and within-subjects effects among covariates, are described and investigated where they are informative. SEIFA decile levels and school location had a close relationship with each other and complex relationships with the dependent variables, often rendering the meaning of interaction effects involving these covariates difficult to An overall lunch box score was calculated by tallying the number of the five possible food-groups of Everyday foods that were present in a lunch box and subtracting the number of Sometimes foods found. If more Sometimes foods were present than the number of Everyday food groups represented in a lunch box, the score was truncated at zero. Scores for the overall lunch box score ranged from 0 to 5. Everyday food and Sometimes food scores were obtained by simply tallying the number of foods of each type found in a lunch box. There was no maximum value for any food group, but the Everyday food scores ranged from 0 to 12 and Sometimes food scores ranged from 0 to 8. No negative scores were recorded. In Figure 2A , for example, the baseline overall score would be (2-8) = 0 and the post intervention score (2B) is calculated as (5-0) = 5.
Interactions between covariates and the dependent variables, and within-subjects effects among covariates, are described and investigated where they are informative. SEIFA decile levels and school location had a close relationship with each other and complex relationships with the dependent variables, often rendering the meaning of interaction effects involving these covariates difficult to interpret. No interpretation of such interactions is presented beyond acknowledging that such interactions show that changes in dependent variables differed across levels of these two covariates.
Results
In the five schools that participated in the study, there were 215 children in the 10 classrooms selected to participate by school principals. Descriptive characteristics of the study sample (n = 212, response rate 98.5%) indicate that participants were evenly divided across sex (girls = 49.1%) with most students in Grades 2 and 4 (82.5%) and a smaller number of students in Grades 3 and 5 (see Table 1 ). Over three-quarters of the students attended schools that were participating in the program for the first time and almost one-third attended schools that drew their student population from a local catchment area. All students attended schools in areas with relatively low socioeconomic standing with almost half of participants attending a school in the lowest socioeconomic decile. Table 2 shows the mean score (SD) and range for each dependent variable prior to the start of the program; after the first intervention for the Knowledge and Attitude variables; after the second intervention for all dependent variables; and at the 4-6 week follow-up for the lunch box scores. These data provide the context for the repeated measures analyses and show unadjusted differences in dependent variable scores over time. These results also show that on each testing occasion, children typically had twice as many Everyday foods in their lunch boxes as Sometimes foods.
Change over Time
Tests of differences in the mean scores of the five dependent variables on the three occasions that were each measured are presented below.
Knowledge
Repeated measures analysis of covariance of knowledge scores showed a significant main effect for Time, F(1.98, 346.22) = 29.42, p < 0.001, after controlling for covariates. This indicates that children's knowledge improved over the course of the Eat Smart B Active | Healthiest School Awards program. Follow-up tests show that the first intervention (Eat Smart B Active LIVE Show) resulted in a significant increase in knowledge (mean difference = 6.91, SD = 0.30, p < 0.001) with a further increase in knowledge (mean difference = 2.63, SD = 0.28, p < 0.001) after the second intervention (Two-week lunch box challenge).
Significant interaction effects were found between knowledge and four of the included covariates; student year level, school new to the program, school catchment and SEIFA decile scores. The student year level interaction was the result of a linear increase in average knowledge scores for Year 3 students in contrast to each of the other grades, which showed a smaller increase in knowledge scores as a result of the second intervention compared to the increase after the first intervention. The catchment area interaction showed that schools drawing students from their local catchment area began with lower average knowledge scores than schools that drew students from beyond their local area but showed more improvement as a result of the interventions (see Figure 3A) . Similarly, schools that were new to the Eat Smart B Active | Healthiest School Awards began with lower average knowledge scores than the school that had previously participated in the program but ended the program with higher scores. Significant interaction effects were found between knowledge and four of the included covariates; student year level, school new to the program, school catchment and SEIFA decile scores. The student year level interaction was the result of a linear increase in average knowledge scores for Year 3 students in contrast to each of the other grades, which showed a smaller increase in knowledge scores as a result of the second intervention compared to the increase after the first intervention. The catchment area interaction showed that schools drawing students from their local catchment area began with lower average knowledge scores than schools that drew students from beyond their local area but showed more improvement as a result of the interventions (see Figure 3A) . Similarly, schools that were new to the Eat Smart B Active | Healthiest School Awards began with lower average knowledge scores than the school that had previously participated in the program but ended the program with higher scores. 
Attitude
The multivariate test of difference between the estimated marginal means for Attitude at each time period was significant, F(2, 167) = 32.64, p < 0.001. Pairwise comparisons showed a significant change in overall attitude scores after the first intervention (mean difference 0.62, p < 0.001) but not after the second intervention (mean difference 0.13, p = 0.10).
A significant interaction effect was identified between Attitude and school catchment status, F(1.96, 328.66) = 3.69, p = 0.03. This interaction showed that baseline differences in mean Attitude scores between local and broad catchment area school scores were cancelled out by the first intervention and subsequent increases in attitude were equivalent for both types of school (see Figure 3B) . A group difference in Attitude score was also identified between grade levels, F(1, 168) = 6.14, p = 0.01, with Grade 5 students obtaining lower attitude scores than other grade levels at all three testing occasions.
Lunch Box
Change in lunch box scores over the course of the program are tested across three different indicators. Results are presented below for the overall lunch box score, the score for Sometimes Foods and the score for Everyday Foods.
Overall Lunch Box Score. The multivariate test of difference between the estimated marginal means for lunch box score at each testing occasion was significant F(2, 161) = 57.59, p < 0.001. Pairwise comparisons showed a complex pattern of changes. A significant increase in overall lunch box scores was found between the baseline score and the second test score (after the two interventions: mean difference 1.45, p < 0.001). This was followed by a significant decrease in overall lunch box scores at post-test (mean difference −0.85, p < 0.001). However, overall lunch box scores at post-test were still significantly higher than at baseline (mean difference 0.59, p < 0.001). In addition, a group difference in lunch box score was identified between sexes, F(1, 168) = 6.14, p = 0.01, with girls scoring higher than boys at each testing occasion.
Sometimes Foods-Lunch Box Score. The multivariate test of difference between the estimated marginal means for Sometimes Food score at each testing occasion was significant F(2, 161) = 9.85, p < 0.001. Pairwise comparisons showed a similar pattern of changes to those found for overall lunch box scores. A significant decrease in Sometimes Foods scores was found between the baseline score and the second test score (after the two interventions: mean difference −0.53, p < 0.001). This was followed by a significant increase in Sometimes Food scores at post-test (mean difference 0.22, p = 0.031). However, overall lunch box scores at post-test were still significantly lower than at baseline (mean difference −0.31, p = 0.015).
A significant interaction effect was identified between Sometimes Food scores and school catchment status, F(1.97, 318.43) = 4.84, p = 0.009. This interaction indicates that broad catchment area schools showed a drop in Sometimes Foods after the interventions, which recovers to baseline levels at post test. Local catchment area schools, in contrast, showed a steady drop in Sometimes Food scores across all testing occasions ( Figure 3C ). Group differences in Sometimes Food scores were also identified for school catchment status, F(1, 162) = 4.68, p = 0.03, with broader catchment area schools obtaining lower Sometimes Food scores than local catchment schools at all three testing occasions; and for sex, F(1, 162) = 4.57, p = 0.03, with girls having fewer sometimes foods in their lunch boxes than boys at each testing occasion.
Everyday Foods-Lunch Box Score. Analysis of Everyday Food scores showed a significant main effect for Time, F(2, 324) = 4.84, p = 0.018, after controlling for covariates. This indicates that the amount of Everyday Food included in lunch boxes improved over the course of the program. Follow-up tests show that the interventions produced a significant increase in Everyday Food scores at Time 2 (mean difference = 0.91, SE = 0.15, p < 0.001) with a small, non-significant drop between Time 2 and the post test (mean difference = 0.16, SE = 0.15, p = 0.29).
Group differences in Everyday Food scores were identified for school catchment status, F(1, 162) = 13.69, p < 0.001, with broader catchment area schools having higher Everyday Food scores than local catchment schools at all three testing occasions ( Figure 3D ); for sex, F(1, 162) = 33.05, p = 0.02, with girls having more everyday foods in their lunch boxes than boys at each testing occasion; and for SEIFA, F(1, 162) = 81.19, p < 0.001, with schools in the two lower decile areas having lower Everyday Food scores than schools in the higher two deciles at each testing occasion.
Discussion
This study evaluated the impact of the Eat Smart B Active program. As expected, knowledge and attitude scores showed positive change and the improvements were sustained over the short-term.
The results suggest that the bringing together of the child, home and school was effective in improving the quality of the lunch box contents and in enabling healthy eating habits in school children. The doubling of vegetables scores was notable given this is an area of national interest. These results confirm the concept of the "super-setting", which emphasises the importance of schools' social and geographical context [9] . This program included two elements that can be considered part of the super-setting. In the first case, the lunch box challenge intervention provided the opportunity for students to take the information they learned home and incorporated it into household lunch box preparation practices. This study also looked at the geographical catchment from which schools drew students.
The program was effective in improving students' knowledge about healthy eating with separate, significant effects after each program component (theatre production, lunch box challenge). Attitudes towards healthy foods showed less comprehensive improvement, with no effect resulting from the second intervention.
The lunch box scores recorded post-test were lower than the scores collected mid-intervention, however, they were significantly higher than baseline. This demonstrates that children respond to the intervention the most while the program is running in the school. This may be due to the incentive of prizes for eating healthily. However, the post-test scores were still significantly higher than scores taken at baseline, showing that the intervention is effective in developing healthy behaviours that last beyond the period of intervention.
This same trend in adoption of healthy habits was shown in the "sometimes foods" scores. There was a decrease from baseline to the second test, then an increase of "sometimes foods" from the second to the post-test. Overall, the post-test score was significantly lower than the baseline score. However, the analysis of "everyday foods" scores demonstrated increasing improvement throughout the duration of intervention and into post-test. Thus, while it seems "sometimes foods" were starting to be re-introduced into lunch boxes after the program, the understanding of "everyday foods" where consistently evident throughout the course of the study period.
Across the grade levels participating in the study, students in the 5th year level were found to have lower attitude scores than any of the other grade levels over all three tests, indicating the possible increased difficulty of changing nutritional behaviours as children get older [19] [20] [21] . Girls also tended to demonstrate better outcomes of behaviour change than boys; girls recorded higher lunch box scores than boys on every occasion (lower "sometimes foods" scores, and higher "everyday foods" scores [22] .
The geographical catchment from which the schools were, also contributed varying outcomes to the program. Results showed a consistent interaction effect where students from schools that drew from a local catchment area started with lower scores on each of the dependent variables measured (knowledge, attitude and lunch box contents) but showed larger improvements over the course of the program than students at schools drawing from a broader catchment area. Interestingly, analysis of "sometimes foods" results across catchment areas, showed that broader catchment area schools tended to show a drop during the intervention and then a return to baseline in the post-test, whereas local catchment area schools showed a stead decrease in "sometimes foods" across all three measurement occasions.
Taken as a whole, the results from this study indicate that theatre production can act as a dynamic motivator and an effective educational tool, particularly in combination with a competitive challenge. A strength of this study and an important feature of this program is that the foods brought to school by students over the course of the program and again a month later were evaluated directly, rather than relying on student self-report. This also means that there was very little loss-to-follow-up for post-test results. However, while the program has been effective in enabling short-term, behaviour changes around healthy eating habits, the one-month follow-up meant that it was not possible to determine the longer-term sustainability of outcomes of the program.
School and student sampling is another limitation of this study. It is possible that more motivated principals elected to take part in the study and that they chose classes that were more likely to benefit from the intervention to participate. Those factors could limit the effects of the intervention with less motivated school communities.
As a population-based intervention, there was no collection of anthropometric or biochemical data as this was felt to not only be invasive but would likely diminish participation. It is, therefore, a limitation that no correlations could be made between body composition and behaviour.
While there was no formal evaluation of study variable score reliability, the method of data collection was strong in limiting bias. The use by researchers of a standard scoring protocol for photographed lunch box content increased confidence in behavior scores. This study would have benefitted from the inclusion of control schools, however the use of each school as its own control over time allows some conclusions to be drawn about the value of this particular form of intervention. This is supported by including and adjusting for six potential confounding school and student-level factors.
Parental understanding on healthy eating can also significantly determine the learned nutritional behaviours of their children [23] [24] [25] . Future program implementation may also consider the involvement of and feedback from parents in the intervention to enhance potential for the longevity of the outcomes of the program, and to maximise the effects of the "super-setting" theory.
Conclusions
The Eat Smart B Active program has been shown to be an effective and integrative approach to improving school children's nutritional knowledge, attitude, and behaviours. Despite the limitations of the study, the findings of this study provide strong support for the effectiveness and success of using theatre performance as an educational tool, alongside the incentive of a challenge, to provide school children with the knowledge, attitude and behaviours of eating healthy, in the short-term. The study has supported the notion of "super-setting", and highlights the value and success of a multifaceted approach to behaviour change. Further research is required to determine the longevity of the program outcomes.
